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1Xiong et al Reply: Recently we reported an exper-
imental verification of an information-theoretic equality
[1],
〈e−Inm〉 :=
∑
nm
pnme
−Inm = 1, (1)
which is relevant to the Jarzynski equality 〈eβ(W−∆F )〉 =
1, as predicted by a previous theory [2, 3].
The Comment [4] by Campisi and Ha¨nggi argues that
an equation of the mutual information Inm = −β(W −
∆F ), which is Eq. (4) in [1] as the connection between
Eqs. (1) and (2), is not generally valid, but only un-
der specific conditions. We consider that the comment
involves something misleading, and clarifying some im-
portant points is necessary.
First, the final result, i.e., Eq. (8), in [4] is a straight-
forward result of our theory, for which we had already
obtained when writing Refs. [1–3]. Simply speaking,
using Eq. (2) in [1], where pm|n = Tr[QmPn] and
qm =
∑
n e
−βEinTr[QmPn]/
∑
n e
−βEin , we can easily ob-
tain
I˜nm = ln
(
∑
n e
−βEin)Tr[QmPn]∑
n e
−βEinTr[QmPn]
, (2)
which is actually Eq. (8) in [4] but contains no interest-
ing physics. Note that our purpose in Refs. [1–3] is to
bridge a relationship between quantum information and
thermodynamics. To this end, we need to go a further
step after reaching the above equation, as plotted in Fig.
1. This further step is a thermalization of the state to
the canonical distribution as mentioned in [3]. Here we
explain it again in a more clarified way. With Gibbs
state prepared in [1], after projecting the initial thermal
state onto Pn followed with a free evolution, we quench
with Hf , and the state finally thermalizes to the canon-
ical distribution ρf = e
−βHf /Zf with Zf =
∑
n e
−βEfn ,
implying
∑
nm pm|ne
−βEfm/Zf = 1. Thus we have
∑
nm
pm|n
e−βE
f
m
Zf
=
∑
nm
pnme
− ln pn e
−βEfm
Zf
=
∑
nm
pnme
−β(Efm−Ein)−β∆F = 1, (3)
which is the Jarzynski equality [5] and relevant to Eq.
(1) provided that the mutual information is written as
Inm = −β(W −∆F ).
Second, we have to say that the Comment [4] intro-
duces ’open quantum system’ into our theory, which is
unnecessary. In fact, no decoherence is considered in both
our theory and experiment [6]. To avoid decoherence, the
thermalization in a quantum system is to reach an equi-
librium state, which is accomplished in a closed system.
Specifically, in [1], after free evolution as step 1© in Fig.
1, we obtained a non-equilibrium state of Hf . Thermaliz-
ing the state to equilibrium is just the transformation to
𝜌𝑖 ෤𝜌𝑓 𝜌𝑓
① ②
𝑃𝑛 𝑄𝑚ሚ𝐼𝑛𝑚 𝐼𝑛𝑚
FIG. 1: Schematics of two steps for reaching Inm = −β(W −
∆F ) from the initial state ρi. I˜nm is what the Comment [4]
presents due to lack of a thermalization step 2© to reach ρf .
the equilibrium state ρf of Hf by unitary operations. In
addition, we worked with two-level Gibbs states, which
means ∆F = 0. As such, the work between the initial
and final states could be simply obtained by the differ-
ence of the corresponding eigenvalues as W = Ein −Efm.
In summary, the confusion made in Comment [4] in-
cludes omission of the state thermalization to equilib-
rium and misunderstanding of our work carried out in
an open quantum system. Here we would like to empha-
size again that Eq. (1) can be relevant to the Jarzynski
equality under the condition that the initially prepared
Gibbs states, under measurements with P and Q, ther-
malize to a canonical distribution in the absence of deco-
herence. Experimental work in [1], based on the simplest
Gibbs states in a qubit, shows the possibility to bridge the
information-theoretic equality to the Jarzynski equality.
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